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ABSTRACT 
A comparison of the vibratory and epaxial muscles of Crotalus 
horridus horridus Linnaeus (timber rattlesnake) was made. Muscle 
fibers, fibrils, filaments, mitochondria and sarcoplasmic reticulum 
were described in this study. The sarcomeres of the epaxial muscle 
were almost three times the length of those of the vibratory muscle. 
The A .band was observed to be about twice the length of the I band 
in the vibratory ·muscle. As seen in cross section the vibratory 
muscle had fibrils arranged in discrete packets with a limited number 
(less than 100) of thick myofilaments. In contrast, the fibrils of 
epaxial muscle were less conspiciously separated from each other 
and showed fibrils with about six times as many myofilamentso The 
vibratory muscle was profusely provided with large spherical mito-
chondria with highly developed cristae. The epaxial muscle had 
relatively fewer mitochondria, and these were ellipsoidal and smaller 
in size with less developed cristae. 
The sarcoplasmic reticulum of the vibratory muscle was highly 
developed with numerous tubules which were continuous between fibrils. 
A reduced development of reticulum was found in the epaxial muscle. 
It was concluded that the vibratory muscle is highly special-
ized in structures related to an energy productio~ or dissemination 
of the contraction impulse to the interior of the fiber. 
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INTRODUCTION 
The early work of Robertson (1956) on the sarcoplasmic reticulum 
and Huxley (1957) on the interdigitatin:g filament model of muscle 
contraction stimulated great interest in muscle ultrastructure. It 
was found that increase of certain structures in muscle indicateo a 
prop~rtional increase in function. Such a direct relationship was 
found tn the number of mitochondria in flight muscle of the wasp and 
blowfly (Lehninger, 1964) both of which have very high demands on 
respiratory energy. From other comparative studies it was round that 
muscle that contracted at extraordinarily high rates such as muscle 
from the toadf~sh swim bladder and the cricothyroid muscle of the bat 
(Porter, 1961) were richly supplied with sarcoplasmic reticulum. 
Chadwick and Rahn (1954) showed that the vibratory muscle of 
Crotalus ~· viridis (prairie rattlesnake) has one of the highest 
contraction frequencies of any vertebrate muscle and a study by 
Leftwich et al. (1967) has shown that this muscle in C. horridus 
(timber rattlesnake) is physiologically specialized for vibration 
having high Q02 and high respiratory enzyme concentrations. The vi-
bratory movement in C. horridus is accomplished by three muscle 
groups on each side (two dorso-lateral and one ventral) that insert 
on the style and are associated with 10 to 15 of t~e posterior most 
vertebrae (Czermak, 1857). Chadwick and Rahn (1954) determined the 
action potentials of the several muscle groups simultanecusly and 
demonstrated that all three muscle groups on each side contract 
simultaneously. There is no Literature on the ultrastructure of the 
vibratory apparatus. 
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It was the purpose of the present study to determine if the 
vibratory muscle of C. horridus is morphologically specialized for 
vibration and if it is different from skeletal muscle associated with 
other body movement. The ultrastructure of vibratory and mid-body 
epaxial muscle was examined with special emphasis on: (a) cross 
sections of muscle; (b) longitudinal sections of muscle; (c) myofila-
ments; (d) mitochondria: and (e) sarcoplasmic reticulum. 
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MATERIALS AND METHODS 
A. Preparation of Tissue for Fixation 
A single female rattlesnake measuring 814.0 mm (snout-vent) in 
length was obtained from Wyoming County, Pennsylvaniao The animal 
was used within five days after capture. 
The specimen was pithed with a dissecting needle and then a 
piece of chrome wire (90 cm x 0.05 cm) was inserted thrnqgh the spinal 
canal to the caudal vertebrae to destroy the spinal cord. A mid-
ventral incision through the skin was extended anteriorly for about 
20 cm from the ~osterior extremity of the tail. The skin and muscle 
flaps were secured with hemostats from a region 2.5 cm anterior to 
the vibratory muscle and extending anteriorly for about 10 cm. The 
mesenteries covering the dorsal aorta and post cava were quickly 
removed. The dorsal aorta was then cannulated with a 20 gauge needle 
fitted with a 25 cc syringe and the posterior regions of the snake 
were perfused with heparinized Krebs-Ringers bicarbonate solution. 
The post cava was cut at the site of cannulation of the dorsal aorta. 
The saline perfusate was allowed to pass through the snake tail 
tissue until the fluid leaving the post cava had been relatively 
free of blood for about 3 minutes. 
B. Fixation and Staining 
A syringe containing cold phosphate buffered (O.lM NazHP04 and 
O.lM NaH2P04•H20) ~3 gluteraldehyde prepared as suggested by Sabatini 
(1963) was inserted into the naedle. The gluteraldehvde was gently 
forced through the vessel for 20 min1Jtes. The vibratory ouscle was 
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then found to be firm due to fixation. It was carefully teased apart 
after removing its thick outer connective tissue capsule. The muscle 
was kept moist by dropping cold 23 gluteraldehyde on its surface. 
Longitudinal strips of muscle fibers 0.05 cm x 2.0 cm were carefully 
teased apart with minimum contact to the actual muscle fibers. These 
muscle fibers were tied to a wooden stick (0.03 cm x 15.2 cm) in situo 
The fibers were tied in a slightly stretched position and then cut 
free at both ends from normal attachments. Immediately the tied 
muscle tissue was placed in a solution of cold 23 gluteraldehyde and 
left there for 2 hours to insure proper fixation. 
Several pieces of epaxial muscle (10 mm x 0.5 mm) from a region 
15 to 25 cm anterior to the vibratory muscle were then carefully cut 
free of their attachment and placed in a solution of cold 23 ~luter­
aldehyde. The epaxial muscle was then processed in the same manner 
as the vibratory muscle. 
After fixation both types of muscle were cut free from the 
wooden sticks and placed in several drops of cold sucrose buffer 
solution on the surface of a clean white index card. The sucrose 
buffer solution was prepared fresh 2 hours before each operation ac-
cordin~ to the method of Sabatini (1963). The muscle fibers were 
further reduced in size to about 0.03 mm x 20 mm by cutting with a 
razor blade. The muscle tissue was left in cold phosphate buffered 
sucrese solution for 30 minutes with 2 rinses. The tissue was then 
postosmicated in cold 23 sodium veronal acetate osmium buffered solu-
tion for 2 hours with one washo The osmium solution was prepared 
according to the procedure of Caulfield (1957) as follows: 
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Stock Veronal Buffer: 
Sodium Veronal (barbital) 1.49 gm 
Sodium Acetate•3H20 0.97 gm 
Dilute to 50 ml with distilled water 
23 Buffered Osmium tetroxide, roughly isotonic: 
0.5 gm Os04 is dissolved in 15 ml distilled water 
add: stock buffer 5.0 ml 
O.lN HCl 5.0 ml 
C. Dehydration and Embedding 
A modified procedure of dehydration suggested by Pease (1964) 
was followed. The muscle was washed briefly with distilled water. 
A graded series of cold ethyl alcohol dilutions were used for de-
hydration by washing with 203 EtOH and then dehydrating for 10 
minutes in 203 EtOH. The same procedure was used with 503 and 703 
EtOH. Dehydration was completed at room temperature (25 C). The 
same procedure of rinses was followed using 953 and 1003 EtOH. 
According to the procedure of Lockwood (1964) the tissue was 
placed in ground glass weighing bottles with a 1:1 mixture of 
propylene oxide and araldite for 60 minutes at 37 C temperature. 
The araldite epoxy resin was prepared as follows: 
D.E.R. 
D.E.R. 
332 
n2 
Dodecenyl Succinic Anhydride 
Dimethyl Amino Methyl Phenol 
Epoxy Resin 
Epoxy Resin 
7.00 ml 
3.00 ml 
s.oo ml 
0.30 ml 
The tissue was then placed in a 1:2 mixture of propylene oxide and 
araldite for 60 minutes at room temperature. The muscle was then 
placed in pure araldite and left at room temperature for 12 hours. 
It was then transferred to disposable plastic embedding molds (base 
truncated 12 mm square, Lipshaw Manufacturing Company). Pure resin 
was then poured into molds to a depth of 1 cm and the tissue oriented 
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so that its long axis was parallel to the bottom surface of the em-
bedding mold. The polymerization steps were as follows: 
37 C oven for 12 hours 
45 C oven for 24 hours 
60 C oven for 48 hours 
The muscle was then removed from the oven and stored at room tempera-
ture until mounting. 
D. Mounting and Sectioning 
A mounting procedure was used as suggested by Pease (1964). 
Tissue samples embedded in plastic were trimmed down with a fresh 
razor blade so that the muscle was surrounded by only a thin layer 
of plastic. Either a Qross or longitudinal section was taken. The 
face which was to be sectioned was trimmed freehand under a dissect-
ing microscope to approximately 0.5 mm square. The trimmed muscle 
tissue was then mounted on a short section of a wooden dowel rod 
(O.S cm x 1 cm). The end of the dowel which was to receive the mus-
cle tissue was prepared by dipping the wooden dowel in a melted 
carnauba-paraffin wax mixture. The tissue was oriented on the dowel 
in a pool of melted wax under the -dissecting scope. A hot dissecting 
needle was used to melt the wax and maneuver the specimen into the 
proper position. The vertical sides of the block were trimmed such 
that the leading edge was slightly longer than the trailing one, 
giving a trapezcidal face. 
Glass knives for ultrathin sectioning were prepared according 
to Pease (1964) by using ordinary crystal glass. 
The trough behind the knife was prepared by carefully fitting 
to either side of the glass edge and around the back surface 1/2 
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inch of adhesive tape. The trough was sealed by brushing melted bees-
wax across the edge of the tape. 
The knife was mounted in the Sorvall MT-2 Ultra~irrntome with 
a tilt of 5°. The block was oriented in the microtome with the 
parallel sides facing vertically with the longer edge as the leading 
edge. A 103 acetone solution was used for section flotation. The 
acetone solution in the trough was adjusted so that it made a flat 
meniscus with the knife edge. 
Initially, thick sections were cut about 1 micron in thickness 
at a cutting speed of 0.45 mm/sec. These were picked up one at a 
time with an eyelash attached with beeswax to an applicator stick. 
The sections readily adhered to the eyelash and were tr.ansferred to 
a drop of distilled water on a clean glass slide. After the slide 
dried, the muscle was stained in alkaline tolidine blue for 10 min-
utes, rinsed in distilled water and then viewed under the phase 
microscope. The orientation of the sections was observed to verify 
that the muscle tissue was in the desired plane, either longitudinal 
or cross sec-tion. 
Good thin sections were obtained when the thickness was below 
900 angstroms. The thickness of the sections was ascertained by ob-
serving their interference colors and comparing them to the Peachey 
color scale. Sections of suitable thickness were picked up from the 
surface of the trough by touching them to the surface of a copper 
specimen grid (3 mm O.D. 1 200 Mesh, LKB Instruments, Inc.) coated 
with 23 parlodion. The edge of the grid was bent slightly so that 
it could be laid flat upon the surface of the fluid in the trough 
when held with fine forceps. 
The coated grids were prepared according to the procedure of 
Pease (1964) by washing with absolute acetone. A clean slide was 
dipped in 23 parlodion for 5 seconds and then removed and allowed 
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to dry. The edges of the dried slide were scored to cut the dry 
film free from the glass slide. The slide was slowly immersed in a 
distilled water bath so that the film floated free on the surface of 
the water. The grids were then placed on the surface of the floating 
film of parlodion with their smooth side in contact with the film. 
A strip of paraf ilm was placed on top of the grids and the parafilm 
with the grids and parlodion adhering to it was removed, placed in 
a Petri dish and stored in a desiccator until ready for use. 
The sections were stained by placing the grid section side 
down in a drop of saturated uranyl acetate for five minutes according 
to the procedure of Watson (1958). The sections were dried in the 
desiccator and then secondarily stained with Reynolds' lead citrate 
stain (Reynolds, 1963) for 2 minutes. The sections were then placed 
in the desiccator tn dry. 
~. Electron Microscopy 
The stained sections were observed using the RCA-"EMV-3~ and RCA-
EMV-3G microscopes. Eastman Kodak Company Lantern Slide Plates 
(contrast grade 4 inches x 3 1/4 inches) were used as photographic 
plates. The negatives were enlarged using ~stman Kodak Company 
Kodabromide F-5 photographic paper (8 inches x 10 inches) and Eastman 
Kodak Company Dektol developer. 
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RESULTS 
A. Ultrastructure of the Vibratory Muscle 
1. Cross section 
In cross section at low magnification the vibratory muscle fiber 
(Figure 1) was surrounded by a sarcolemma which consisted of an outer. 
plasma membrane, a clear homogeneous space. and an inner darker 
staining line, the basement membrane. The fiber was composed of ap-
proximately 650 myofibrils which were approximately cylindrical in 
shape and observable as discrete packets. The diameter of these 
fibrils varied from 0.4 to 0.5 micron. There were about 200 large 
cylindrical mitochondria distributed throughout the fiber. 
2. Longitudinal section 
The vibratory muscle (Figure 3A) in longitudinal section showed 
interdigitating thick and thin myofilaments and a pattern of stria-
tions ~imilar to those described by Huxley (1957) for mammalian 
muscle. The sarcomere was observed to be subdivided into Z, N, I, 
A, H, and M bands. The sarcomere length was 1.52 microns, the [ 
band 0.56 micron wide, and th~ denser A band 0.96 micron wide, 
almost double the width of the I band. The mitochondria were distri-
buted in continuous longitudinal rows between the segments of 
myofibrils. They were cylindrical in shape. The muscle fibers 
showed a well organized sarcoplasmic reticulum extending between the 
myofibrils and separating adjacent fibrils from each other. The 
sarcoplasmic reticulum was continuous throughout the length of the 
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sarcomere. Within the sarcoplasm of the fiber, mitochondria and 
densely staining granules of glycogen were found between myofibrilso 
3. Mvofilaments 
Transverse sections of the vibratory muscle (Figure 4A) showed 
a regular packing arrangement of the myofibrils surrounded by sarco-
plasmic reticulum which separated the fibrils from each other. The 
number of myofilaments in a fibril bundle varied from 39 to 75. The 
myofilaments were of a diameter of 0.019 micron, regularly separated 
Drom each other, giving a punctate appearance. The myofilaments were 
in rows parallel with each other. A hexagonal array of thick and 
thin filaments with cross bridges between the myofilaments was observed. 
Longitudinal sections of vibratory muscle (Fi£ure SA) showed 
pairs of thin myof ilaments between widely spaced pairs of. thick 
filaments. 
4. Mitochondria 
The spherical mitochondria (Figure 6A) had an average diameter 
of 2.83 microns. This was about 4 times as large as a myofibril in 
cross section. Surrounding the majority of the mitochondria were 
two continuous membrane systems. The cristae were numerous and close-
ly packed in the mitochondria with extremely complex conformations. 
The matrix which filled the lumen of the inner membrane system had 
a high electron density. 
There were 3 distinct types of mitochondria (Figure 7). The 
first type (T1) had well developed cristae. The second type (T2) 
stained lighter and had fewer cristae. A final type (T3) was sur-
rounded by a single membrane which appeared to be continuous with 
the sarcoolasmic reticulum. 
5~ Sarcoplasmic reticulum 
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Sarcoplasmic reticulum of the vibratory muscle (Figures BA and 
SB) formed a series of transverse membrane-bounded tubular networks 
which extended between myofibrils. The membranes limiting these 
tubules were smooth-surfaced. There were actually two series of 
tubules. One series consisted of a wide anastomosing longitudinal 
component whose axis was in the long axis of the myofibril. It 
extended the length of the sarcomere and had a diameter of 0.013 
micron. At the junction of the I and A bands of each sarcomere, 
the longitudinally oriented component of the reticulum became con-
fluent with pairs of parallel transverse elements of larger caliber 
(0.034 micron) that continued from the reticulum surrounding one 
myofibril to that around the next, and so on across the width of 
the muscle fiber. Between each of these pairs of larger transverse 
channels was a smaller intermediate tubule (0.027 micron). The pairs 
of large transverse channels and the small intermediate tubules 
constituted a triad at each A-I junction. 
B. Ultrastructure of the Epaxial Muscle 
I. Cross section 
The body wall epaxial muscle fiber (Figure 2) was also observed 
to be surrounded by a three layered sarcolemma. The fibril bundles 
were less clearly delineated and only on close observation were the 
fibrils observed to be separated from one another. The fiber was 
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composed of approximately 300 myofibrils which were of an eloni;!:ated 
irregular shape. Myofibrils were arranged in irregular bundles 
separated by large amounts of connective tissue. The average long 
dimension of these fibrils was 1.8 microns with an average width of 
0.10 micron. 
The epaxial muscle had far fewer mitochondria, about 53 per 
fiber (Figure 2), than the vibratory muscle. They were ellipsoidal 
in shape and considerably smaller. 
2. Longitudinal section 
The epaxial muscle (Figure 3B) in longitudinal section showed 
the sarcomere to be subdivided into Z, N, I, A, H, and M bands. ThP-
epaxial muscle had a sarcomere length of 4.13 microns, the I band 
being 2.61 mic·rons wide and the A band 1.52 microns wide. The mito-
chondria were sparse when compared to the vibratory muscle. The few 
mitochondria which were present usually were concentrated at the level 
of the I band. They were ellipsoidal in shape. The sarcoplasmic 
reticulum was present in relatively small amounts and only at the 
level of the I band, while essentially no sarcoplasmic reticulum could 
be seen at the level of the A band. 
Within the sarcoplasm, mitochondria and dense staining granules 
of glycogen were distributed between myofibrils. Mitochondria and 
glycogen granules were far less numerous than in the vibratory muscle. 
3. Myofilaments 
Cross sections of epaxial muscle (Figure 4B) showed fibrils which 
were packed in close association with each other separated by sarco-
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plasmic reticulum. The reticulum was much scantier in amount than 
in the vibratory muscle. The number of myofilaments in a fibril varied 
from 430 to 500 with an average diameter of 0.018 micron. The myo-
filaments were arranged in parallel rows in two planes. 
Longitudinal sections of epaxial muscle (Figure SB) showed fila-
ments of uniform size. 
4~ Mitochondria 
The ellipsoidal mitochondria of the epaxial muscle (Figure 6B) 
had a long dimension of 0.79 micron and a width of 0.30 micron. 
They were also surrounded by a double membrane system. The cristae 
were less numerous and not so closely packed as those of the vibra-
tory muscle. 
The mitochondria showed no such differentiation as was found in 
the vibratory muscle. 
5. Sarcoplasmic reticulum 
The development of the sarcoplasmic reticulum in the epaxial 
muscle (Figures 9A and B) was not nearly as extensive as the reticu-
lum of the vibratory muscle. In the epaxial muscle the sarcoplasmic 
reticulum also formed a series of transverse membrane-bounded tubular 
networks which were continuous between fibrils. The membranes were 
smooth-surfaced. The longitudinal component whose axis was in the 
long axis of the fiber extended the length of the sarcomere (Figure 
9B) and had a diameter of 0.015 micron. These tubules became con-
fluent with pairs of parallel transverse elements of larger caliber 
(0.020 micron). Between each of these pairs of transverse channels 
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was an intermediate tubule (0.029 micron) and this 3-tubule system 
constituted the triad. 
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DISCUSSION 
A. Cross Section 
Both the vibratory and the epaxial muscle fibers were completely 
invested by a sarcolemma which consisted of an outer dense layer 
(plasma membrane), a light inner zone in which no distinct regular 
structure was observed, and an inner dense zone (basement membrane). 
It appeared that the sarcolemma of the vibratory and epaxial muscles 
in the present study were morphologically similar to those described 
by Robertson (1955) and Hess (1965) who found a 3 layered sarcolemma 
in other reptiles. 
Cross sections of yibratory muscle showed that each fibril was 
surrounded by sarcoplasmic reticulum and was separated from its 
neighbor; hence, this type yielded a punctate appearance. Cross sec-
tions of the epaxial muscle fiber showed that the fibrils were in 
close association with each other, separated by only a thin layer of 
sarcoplasmic reticulum. The epaxial fiber was smaller in diameter 
than the vibratory fiber. Hess (1963) working with the garter snake, 
and Pilar and Hess (1966) working with the extraocular muscle of the 
cat found a strong correlation between the physiological reaction and 
the morphological appearance and innervation of two types of extra-
fusal muscle fibers. The ordinary extrafusal muscle fibers respond 
to nerve stimulation with a relatively rapid twitch. Twitch fibers 
are usually innervated by a single motor end-plate. Cross sections 
show each fibril surrounded by sarcoplasmic reticulum and separated 
from its neighbor; hence, this type yield~d a punctate appearance. 
However, other extrafusal muscle fibers, called slow fibers, respond 
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to nerve stimulation with a prolonged contracture. Also the slow 
fibers had multiple motor terminals, which were irregularly distrib-
uted on a single muscle fiber. Cross sections of the slow fiber 
showed fibrils separated from each other by a thin layer of sarco-
plasmic reticulum, and the fibrils appeared to join each other. The 
slow fiber was smaller in diameter than the twitch fiber. It was 
apparent that extrafusal muscle fibers could be classified, using 
either morphological or physiological standards, as twitch or slow 
type. The morphological appearance of the vibratory and epaxial 
muscles with the slow and twitch fibers, respectivelyt was similar. 
Although the innervation of the two types of rattlesnake muscle was 
not studied, it would not be surprising to find that there was a 
similar relationship with that of the respective extrafusal muscle 
fibers. 
B. Longitudinal Section 
The morphology of the vibratory and epaxial sarcomeres in regard 
to the sequence of bands (Z-N-I-A-H-M-) was essentially the same as 
other vertebrate muscle with variation only in dimensions (Huxley 
1957 and Huxley 1958). The length of the sarcomere of the vibratory 
muscle was 363 shorter than that of the epaxial muscle. In compari-
son with reptilian (Edwards, 1954),_ amphibian (Street, Sheridan and 
Ramsey, 1966), and mammalian (Huxley, 1958) sarcomere length, the 
vibratory muscle sarcomere was shorter than all three types. In all 
cases the epaxial muscle sarcomere was longer. 
O,,er a wide range of muscle lengths during contraction the 
length of the A bands remains constant. The length of the I bands, 
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on the other hand, changes in accord with the length of the muscle 
(Huxley, 1958). According to the sliding filament theory, the thick 
and thin filaments slide past each other as the muscle shortens. In 
comparing the two muscle types, the I band of the vibratory muscle 
(0.58 micron) was shorter than in the epaxial muscle (2.66 microns). 
If both muscles were to contract fully so that the A band touched 
both Z lines, then the muscle which had the shorter contraction dis-
tance would require less energy if the shortening heat per unit 
distance were constant. From an energy requirement, this would be 
important for a muscle which was subject to a rapid number of con-
tractions per unit time. With a given amount of energy the muscle 
which required less energy for contraction could be expected to be 
able to contract for a longer period of time. This may partially 
explain how the vibratory muscle is able to undergo such high fre-
quency contractions for over a long period of time. In a 
comparative study of lengths of other muscles which contract at 
extraordinarily high rates of frequency, Fawcett and Revel (1961) 
found a sarcomere length of approximately 2 microns in the muscle of 
the toadfish swim bladder and Smith (1961) found a sarcomere length 
of 3~2 microns in the flight muscle of a dragonfly. 
The abundant glycogen granules in the vibratory muscle (Figure 
2A) would provide a good source of stored energy. In comparison, 
the epaxial muscle (Figure 2B) had few granules present. The dif-
ferences in stored carbohydrate energy reserves are consistent with 
the higher energy reauirements of the vibratory muscle. 
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C. Myofilaments 
The myofibrils of the vibratory muscle (Figure 3A) in end view 
were not unlike those of other vertebrate muscle (Huxley, 1958). 
The ~unctate appearance of the fibrils resembled twitch muscle fibrils 
(Bess, 1963). 
In the epaxial muscle (Figure 3B) the arrangement of myof ilaments 
in a fibril closely approximated other vertebrate muscle. There was 
a similar close proximity of neighboring fibrils to each other in 
both epaxial and other vertebrate muscle. Whether this had any rela-
tionship between the difference in energy required by vibratory and 
epaxial muscles was not understood. 
D. Mitochondria 
It is known that the enzymes of the Krebs cycle and the fatty 
acid cycle are situated within the mitochondrial matrix (Lehninger, 
1964). The respiratory enzymes (the dehydrogenases and cytochrome 
complexes) are attaehed to the cristae. Furthermore. a relationship 
exists between metabolic activity, as measured by oxygen consumption, 
and the concentration of cristae within the mitochondria. The 
finding of abundant large mitochondria with highly branching cristae 
in the vibratory muscle (Figure SA) showed a direct relationship to 
its energy requirements. In the epaxial muscle (Figure SB), less 
dependent on a high rate of respiratory energy, the mitochondria were 
few in number, much smaller, and had a reduced number of cristae. 
Leftwich et al. (1967) found greater numbers of mitochondria in 
vibratory muscle than epaxial muscle of C. horridus by techniques of 
differential centrifugation and direct counting. 
21 
The finding of three distinct types of mitochondria showed a 
possible sequence of development of mitochondria. One of the types 
(T3) showed an apparent continuity of the bounding membrane of the 
mitochondrion (at this stage only one membrane was present) with the 
sarcoplasmic reticulum (Figure 7A). This suggests that the reticulum 
in the vibratory muscle is the source of the mitochondrial membrane. 
However, further work needs to be done before any definite conclu-
sion can be drawn. 
E. Sarcoplasmic Reticulum 
The vibratory muscle showed a highly developed sarcoplasmic 
reticulum (Figure 8A). The epaxial muscle (Figure 8B) had a less 
developed reticulum. 
It is of interest to compare various types of muscla with respect 
to the quantity and complexity of the sarcoplasmic reticulum and 
associated T system. This becomes meaningful only if one assumes, 
as morphologists generally do, that increased structural development 
indicates a proportional increase in function. From such comparative 
studies Porter (1961) reported that muscles that contract at extra-
ordinarily high rates are all richly supplied with this component. 
It would seem that in instances where a muscle .is able to return to 
the relaxed state in a few milliseconds, the development of the 
sarcoplasmic reticulum is pronounced. On the other hand, Porter (1961) 
found in cases where the muscle is stretched by some external force 
or relaxes only slowly, the development of the sarcoplasmic reticu-
lum is far less prominent. The present results in the vibratory 
muscle support the suggestion of Porter (1961) that the endoplasmic 
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reticulum of the muscle cell plays an active role in the return of 
the fiber to the relaxed state. The vibratory muscle has a very 
high physiological activity as evidenced by its high contraction fre-
quency (Chadwick and Rahn, 1954) and the fact that rattlesnakes have 
been observed to rattle without interruption for up to one-half hour 
(Klauber, 1940). Furthermore, Leftwich et al. (1967) have found in 
C. horridus that the Q02 and respiratory enzyme activity of vibra-
tory muscle is considerably higher than these same activities in 
body epaxial muscle. 
In summary it may be said that the vibratory muscle possesses 
a well developed energy source (mitochondria), energy storage system 
(glycogen granules), and energy transport system (sarcoplasmic re-
ticulum), all of which make the vibratory muscle highly specialized 
for vibration. 
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SUMMARY 
1. Fibrils of the vibratory muscle were sharply delineated, resembling 
insect flight muscle, whereas the fibrils of the epaxial muscle 
closely resembled those of other vertebrate muscles. 
2. Both types of muscle had the same pattern of bands in the sarco-
mere, with variations only in dimensions. 
3. The vibratory muscle had more glycogen granules present than the 
epaxial muscle. 
4. The vibratory muscle had about 39 to 75 myofilaments per fibril, 
while the epaxial muscle had from 430 to 500 myofilaments per 
fibril. 
5. The vibratory muscle had abundant, large, cylindrical mitochondria 
wi~h well developed cristae. The mitochondria showed three stages 
of development. Epaxial muscle had fewer mitochondria that were 
smaller and not as well developed. 
6. The vibratory muscle had a well developed sarcoplasmic reticulum 
and the epaxial 1nuscle had a far less pronounced sarcoplasmic 
reticulum. 
7. It appears that the vibratory muscle of C. horridus is highly 
specialized for vibration. 
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Figure 1--Vibratory muscle fiber with sarcolemma (S) surrounding 
entire fiber. The myofibrils (F) and mitochondria (M) 
are surrounded by sparse connective tissue (CT) . x5131. 
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Figure 2--~paxial muscle with sarcolemma (S) surrounding entire 
fiber. The myofibrils (F) are surrounded by large 
amounts of connective tissue (CT). Mitochondria (M) 
are preseDt. x5131. 
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Figure 3--Longitudinal section showing sarcomere (S) with the 
usual cross banding evident [A,N,I,Z, and M line (ML)] • 
Glycogen granules (G), mitochondria (M) and sarco-
plasmic reticulum (SR) are present . xlS,680. 
A--Vibratory muscle 
B--Epaxial muscle 
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Figure 4--Cross section showing mitochondria (M) and sarcbplasmic 
reticulum (SR) surrounding a myofibril which has distinct 
.myofilaments (MF). In the epaxial muscle the myofila-
ments are arranged in 2 parallel rows (PR). x29 ,200 . 
A--Vibratory muscle 
B--~paxial muscle 
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Figure 5--Longitudinal sections of vibratory and epaxial muscle 
showing myofilaments (MF). x62,900. 
A--Vibratory muscle 
B--Epaxial muscle 
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Figure 6--Cross section showing mitochondria (M) and sarcoplasmic 
reticulum (SR) surrounding the rnyofibril (F) . x48,100. 
A--Vibratory muscle 
B--Epaxial muscle 
A 
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Figure 7--Vibratory muscle showing one type of mitochondria with 
numerous cristae (Tl), a second type with less numerous 
cristae (T2), which appears continuous with the sarco-
plasmic reticulum (SR). x31,080. 
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Figure 8--Vibratory muscle showing sarcoplasmic reticulum (SR), 
myofibrils (F), longitudinally oriented tubules and 
a triad (T). x48,100. 
A--Cross section 
B--Longitudinal section 

34 
Figure 9--Epaxial muscle showing sarcoplasmic reticulum (SR), 
myofibrils (F), longitudinally oriented tubules (LT) 
and a triad (T). x48,100. 
A--Cross section 
B--Longitudinal section 
B 
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